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Abstract
This paper investigates the relationship between CO2 emissions, energy consumption, population growth and 
economic growth in Nigeria during the period 1980-2012. The paper adopts autoregressive distributed lag 
(ARDL) bounds testing approach for cointegration with structural breaks and Toda-Yamamoto non-granger 
causality approach. Based on the result, there is no evidence of unidirectional causality running from CO2 
emissions and energy consumption to economic growth and strong unidirectional causality running from CO2 
emissions, energy consumption and economic growth to population growth was found. The long run and short 
run estimates show that energy consumption and population growth have strong and positive impact on CO2 
emissions in the long-run and short run whereas economic growth impact weakly and negatively on CO2 
emissions in the short-run. The inverted U-shaped environmental Kuznets curve (EKC) hypothesis is supported 
graphically and analytically in the long run with a turning point of 4.87. This means Nigeria has reached the 
required level of per capita real GDP to get an inverted U-shaped EKC. The main policy prescriptions among 
others is that Nigeria government should increase environmental taxation in order to reduce the rate of fossil 
fuel used by individuals which may lead to a reduction in per capital CO2 emissions. 
Introduction 
Nigeria is one of the developing countries in the 
world with per capital GDP (gross domestic 
product) of $5606.56 after being adjusted by 
Purchasing Power Parity (PPP) in 2014. Nigeria 
being the 21st largest economy in the world in 
terms of nominal GDP, the 20th largest in terms 
of purchasing power parity and the largest 
economy in Africa, still struggling to leverage 
the country's vast wealth in fossil fuels in order 
to displace the poverty that affects about 33% 
of its population (CIA World Fact Book). The 
use of fossil fuels causes CO2 emissions and 
CO2 emissions are those released from the 
burning of fossil fuel, manufacture of cement, 
energy consumpt ion,  carbon diox ide 
produced during consumption of solid liquid, 
gas fuel and gas aring which form indicators
for environmental degradation. According to 
World Bank, CO2 emission (kt) in Nigeria was 
reported as 95756.37kilogram in 2008. 
Nigeria's primary energy consumption was 
about 108 million tonnes of oil equivalent 
(Mtoe) in 2011, most of which comes from 
fossil fuels and hydropower. Nigeria's energy 
consumption will increase by 56% in 2040 due 
to its rapidly growing population (Energy 
Information Administration (EIA), 2013). 
Currently, Nigeria is targeting to increase its 
electricity production from 4,000MW to 
10,000MW and gas production from 26,000 to 
46,000 megawatts to meet its energy needs in 
the next few years.
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Nigeria’s population growth rate (annual %) 
was last measured at 2.63 in 2017 according to 
the World Bank. The population growth rate 
results from a surplus (or decit) of birth over 
deaths and the balance of migrant entering 
and leaving a country. It may be positive or 
negative. The growth rate is a determinant of 
how great a burden would be imposed on a 
country by the changing needs of its people for 
infrastructure (e.g. food, water, electricity), and 
jobs (CIA world Fact book). Hence, as 
population grows, energy consumption 
increases and the rate of CO2 emissions from 
energy consumption also rises.
The nexus between CO2 emissions and 
economic growth gives rise to Environmental 
Kuznets Curve (EKC). According to Kuznets 
(1955), economic growth increases, carbon 
dioxide increases as well until some threshold 
level of economic growth is reached after 
which this emission starts to decline. The EKC 
hypothesis postulates that the relationship 
between economic growth and CO2 emissions 
is an inverted U-shaped e.g. Grossman and 
Krueger's (1991). That is CO2 emissions level 
increase as economy grows, but begins to 
decrease beyond a turning point as economic 
growth continues to increase. 
Against this background, the relationship 
b e t w e e n  C O 2  e m i s s i o n s ,  e n e r g y 
consumption,  populat ion growth and 
economic growth, has been a serious research 
area in the developing and developed 
countries of the world. Several authors have 
expl ic i t ly addressed the issue of the 
relationship between CO2 emissions, energy 
consumption,  populat ion growth and 
economic growth but the conicting empirical 
ndings are yet to be resolved. Omri (2013) 
found in 14 Middle East and North Africa 
(MENA) countries that there is bidirectional 
causal relationship between economic growth 
and CO2 emissions and between energy 
consumption and economic growth in the 
region as a whole. Jaunky (2010) ndings 
disapproved Omri (2013) by investigating EKC 
hypothesis for 36 high income economies 
(including Bahrain, Oman, and UAE), found 
unidirectional causality running from GDP per 
capita to CO2 emissions per capita in both 
long- and the short- run.  Saidi and Hammami 
(2015) found using 58 countries (Europe and 
North Asia, Latin America and Caribbean, sub-
Saharan, North African and Middle Eastern) 
that population growth, CO2 emissions and 
economic growth have a signicant and 
positive effect on energy consumption. Achike 
and Onoja (2014) ndings for Nigeria support 
Saidi and Hammami (2015) that fossil fuel 
energy is exogenously determined by 
economic growth rate. Cowan et al (2014) 
showed that no evidence of Granger causality 
between GDP and CO2 emissions in India and 
Brazil. Also, they found a one-way Granger 
causality running from GDP to CO2 emissions 
in South Africa. They further found that no 
evidence of Granger causality between GDP 
and CO2 emissions in India and China and 
between electricity consumption and CO2 
emissions in Brazil, Russia, China and South 
Africa. Akpan and Akpan (2012) found similar 
result for Nigeria that economic growth is 
associated with increase CO2 emissions while 
an increase in electricity consumption leads to 
an increase in CO2 emissions. Jebli and 
Youseff (2015) disagrees with Saidi and 
Hammami (2015) and showed that the inverted 
U-shaped EKC hypothesis is supported 
graphically and analytical in the long-run for 
Tunisia.
The existing empirical studies have focused on 
the relationship between CO2 emissions, 
energy consumption, population growth and 
economic growth in countries and regions like 
Brazil, India, China, Russia, Tunisia, South 
Africa, Europe and North Asia, Latin America, 
Caribbean, sub-Saharan African countries, 
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North African and Middle Eastern etc. There 
are few empirical studies in Nigeria such as 
Akpan and Akpan (2012), Achike and Onoja 
(2014), Omojolaibi (2010), Alege and 
Ogundipe (2013), etc. To the best of our 
knowledge, the gap in the literature surveyed 
showed that no Nigeria specic case studies 
have examined the relationship between CO2 
emissions, energy consumption, population 
growth and economic growth and extensively 
test for the EKC hypothesis in Nigeria. The 
need to address this issue is pertinent because 
it will show the specic impact of economic 
growth on CO2 emissions and the implication 
of population growth rate on CO2 emissions. In 
addition, it will give an insight of the relationship 
that exists between CO2 emissions, energy 
consumption,  populat ion growth and 
economic growth.
The objective of the study is to empirically 
investigate the dynamic causal relationship 
b e t w e e n  C O 2  e m i s s i o n s ,  e n e r g y 
consumption,  populat ion growth and 
economic growth in Nigeria and to also test 
whether  the inver ted U-shaped EKC 
hypothesis is veried or not for Nigeria during 
the considered period 1980 -2012.
Data description3
This study focuses on the relationship between 
CO2 emissions (E), energy consumption (EN), 
population growth (P) and economic growth 
(Y) in Nigeria over the period spanning from 
1980 to 2012. The data used in the study are 
from the world development indicator (WDI, 
2013-CD-ROM) and US energy information 
administration (EIA). The variables used are 
CO2 emissions (measured in metric tons per 
capital), energy consumption (measured in 
kilogram (kg) of oil equivalent per capita), 
population growth (measured in growth rate) 
and economic growth (measured in per capita 
RGDP constant 2000 US$). The descriptive 
statistics mean, median, standard deviation, 
Kurtosis, and minimum & maximum for the 
variables are presented in Table 1. We can see 
that the average of CO2 emissions is 0.6194 
metric ton per capita from 1980-2012 in 
Nigeria. The mean of per capita RGDP, per 
capita RGDP square, energy consumption, 
and population growth during the period are 
8.19, 67.10, 6.60 and 2.60, respectively. The 
average and median values are quite closer 
which indicate   symmetric nature of the data.
The correlation coefcient is reported in Table 
2. The correlation between CO2 emissions and 
economic growth is negative. The relation 
between populat ion growth and CO2 
emissions is positive.  CO2 emissions are 
negatively related to the square of per capita 
RGDP.  The correlation between economic 
growth and energy consumption is negative. 
Energy consumption is positively correlated to 
economic growth. Population growth and 
energy consumption are negatively related.
EKC Hypothesis 
EKC hypothesis can be specied as follows:
 
Where E is an environmental pollution indicator 
(CO2 emissions per capital), Y is income (per 
capita RGDP) and W are other explanatory 
variables that may inuence environmental 
degradation in Nigeria. The long run quadratic 
EKC model is estimated to study the 
relationship between the variables. The log 
linear estimation model is as follow:
 
Where t is the period and  is the disturbance 
term. Values of the income coefcients 
  indicate different functional form, where 
   indicates a level relationship,
    a n d    i i n d i c a t e  a 
monotonically decreasing linear relationship,
3Note that  all the data are rescaled using logarithm except CO2 emissions and population growth which are already in logarithm form.
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    indicate a monotonical ly 
increasing linear relationship,  
representing U-shaped relationship and 
  iindicate an inverted u-shaped 
relationship, hence the EKC. The turning point 
of per capita real income is   If the 
variable Y is measured in logs then exp(Y*) will 
yield the monetary value representing the peak 
of the EKC.
4Unit root tests
The result of unit root tests with and without 
accounting for a structural break is respectively 
reported in Table 3 and Table 4.  The result of 
augmented Dickey Filler (ADF) and Phillip 
Perron (PP) is mixed in a few cases but the 
common suggestion of the two unit root tests 
both in constant and constant & trend is that in 
level, most of the variables are non-stationary 
while in rst difference, all the variables are 
stationary. According to ADF and PP tests, 
series E, Y and Y  have unit root at levels. ADF 2
test shows that series P is stationary at level in 
both constant and constant & trend unlike PP 
test. Also, the two unit root tests show that 
series EN is stationary at level in constant for 
both ADF and PP tests.
The Zivot-Andrew (1992) unit root test gives the 
information about the integration and structural 
breaks properties, which interest most 
policymakers. The null hypothesis of unit root 
break reveals that the variable is non-
stationary; the alternative hypothesis indicates 
that the variable is stationary at one-time break 
point. The result from Zivot-Andrew unit root 
test with intercept show that, at level and rst 
difference all the variables with structural 
breaks are stationary.
5Cointegration test                                                                                                       
Following the unit root test, the study further 
test for the instabil i ty of the long-run 
relationship between the CO2 emissions and 
energy consumption, population growth and 
economic growth. The test statistics LC are 
reported in Table 5. The results show that, at 5% 
and 10% levels of signicance, there is not 
enough evidence to accept the null hypothesis 
of stability in the long-run equations of energy 
consumption and population growth, since 
most of the LC statistics are signicant at the 
5% level and 10% except per capital RGDP and 
per capital RGDP square. The ndings will 
change if the test results are considered at 1% 
signicance level. All the long run relationships 
are stable at 1% level of signicance.
The next step is to conduct the threshold 
cointegration test by Gregory and Hansen 
(1996). This provides alternative approaches, 
which test, are based on the regime change 
and a development over the usual residual-
based cointegration test. The test is presented 
in the Table 6.The result of the GH threshold 
cointegration indicates that the statistics 
obtained by the modied ADF, Zt*, and Za* 
(Engle and Granger (1987) and Phililps and 
Ouliaris (1990)) seem to give invariant results. 
The result indicates that for Za* the null 
hypothesis of no cointegration was rejected for 
the variables. The result suggests that allowing 
for structural change in the cointegration 
relation, the series move together in the long 
run and they share a common stochastic trend 
although in the short run the series may diverge 
from each other. In the presence of structural 
breaks, such cointegration relationship can be 
used in making forecast while other statistics 
(ADF and Zt*) accept the null hypothesis of no 
cointegration.   
Since the results of the unit root tests validate 
the use of ARDL estimation therefore, 
ARDLmodel is run. ARDL bounds test for 
cointegration is reported in Table 7. The Akaike 
information criterions (AIC) select the lag order 
of the ARDL estimation. The ARDL bound test 
shows that the computed F-statistics is greater 
4This study used the ADF and Phillips Perron (PP) models to test unit root without structural breaks and Zivot and Andrews (1992) was used to test 
for unit root with breaks .
5This study employs Gregory and Hansen (1996) cointegration test. The tests are extensions of the ADF,    and Zt tests for cointegration that 
incorporate a break in the cointegrating relationship. In addition, This study employs the ARDL bound testing approach as an estimation technique
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than the upper critical bound at 5% level of 
signicance, as CO2 emissions is used as 
dependent variable. This result shows that 
there is no cointegrating vector, which refuse to 
conrm the existence of the long-run 
relationship between the variables. 
The estimated long run and short run 
elasticities or the marginal impact of energy 
consumption,  populat ion growth and 
economic growth on CO2 emissions are 
reported in Table 8. The result shows that 
energy consumption and population growth 
are statistically signicant at 1% level in the 
short run while in the long run, the result 
revealed that population growth is statistically 
signicant at 1% level and energy consumption 
a t  5% leve l  o f  s ign i cance .  Ene rgy 
consumption and population growth have 
positive impact on CO2 emission in Nigeria, 
which suggest that a 1% increase in energy 
consumption and population growth increase 
CO2 emissions directly by 667% and 177%, 
648% and 250% in the long-run and short-run. 
The result corroborates Saboori and Sulaiman 
(2013), who found positive relationship 
between energy consumption and CO2 
emission in Singapore, Philippines, Malaysia, 
Thailand and Indonesia.
The relationship between economic growth 
and CO2 emiss ions  suppor ted  EKC 
hypothesis stipulating an inverted U-shaped 
curve in the long-run. This shows that a 1% 
increase in economic growth is linked to a 
274% rise in CO2 emissions, while the 
nonlinear term of economic growth seems to 
conrm the delinking of CO2 emissions after 
the threshold level of real GDP per capita and 
also conrmed graphically in Fig 1 which show 
an inverted U-shaped from 1998-2010. This 
result is similar to Omojolaibi (2013) for the 
West Africa case. However, the result is 
contrary to Alege and Ogundipe (2013), who 
showed that the non-existence of EKC 
hypothesis in Nigeria. This difference in results 
may occur as result of the difference in variable 
used, data used and period considered.  Now, 
we can obtain the estimated turning point 
regarding per capital real income    
Based on the result the turning point is 
calculated in logarithms. The turning point is 
4.87.
In the short run, the relationship between 
economic growth and CO2 emissions does not 
support EKC hypothesis, as the linear and 
nonlinear terms of per capital real GDP have a 
negative and posit ive impact on CO2 
emissions. The results in the long-run and 
short-run are consistent with Boluk and Mert 
(2015), Lee, S and Oh, D.-W (2015), Jebli and 
Youssef (2015) Saboori and Sulaiman (2013) 
which they found inverted U-shaped and non-
inverted U-shaped in different time horizon.  
The estimated lagged error term (ECTt-1) is 
negative (-2.61426) and it is statistically 
signicant at 1% level which suggests long-run 
relationship between the variables and it 
conrms that the deviation of the variables from 
short run to long-run equilibrium is adjusted by 
261.426% per year.
The residual diagnostic tests applied to the 
model show that there are no evidence of serial 
correlation, heteroskedasticity, and residual 
are normally distributed. For the CUSUM and 
CUSUM of squares test in Fig.2, the tests 
statistic is not outside the critical boundary of 
5% level of signicance. Thus, the null 
hypothesis of parameter stability is accepted at 
5% signicance level showing the stability of 
the coefcients. The intuition is that the 
structural break does not affect the model 
estimation. The bootstrap distribution of the 
resample residual after 10000 repetitions in Fig 
3, shows a smooth distribution and signies 
that the results of the long run estimate of ARDL 
model is stable.
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7Granger causality test
The technical way to overcome the pitfall 
ensuing from using the traditional method for 
causality tests when series are individually 
i n t e g r a t e d  b u t  n o n - c o i n t e g r a t e d  i s 
nevertheless available under Toda-Yamamoto 
Granger non-causality test. Toda-Yamamoto 
Granger non-causality test is used since 
Hansen (1992) instability tests do not support 
the presence of structural change at 5% 
signicance level and the GH cointegration test 
suggests that there is a long-run (equilibrium) 
relationship between CO2 emissions, energy 
consumption,  populat ion growth and 
economic growth in Nigeria. The TY test is 
employed to investigate the causal relationship 
b e t w e e n  C O 2  e m i s s i o n s ,  e n e r g y 
consumption, populat ion growth, and 
economic growth in Table 10. The highest order 
of integration (dmax) of the variable was initially 
determined using the results from Zivot-
Andrew unit root test. The optimum lag length 
(P) without serial autocorrelation selected by 
means of Akaike information criterion (AIC) and 
Schwarz information criterion (SIC) is reported 
in Table 9
The results of TY test are reported in Table 10. 
The results are quite interesting because this is 
the rst study interested in the causal 
relationship between CO2 emissions, energy 
consumption,  populat ion growth and 
economic growth in Nigeria. The results show 
that there is strong unidirectional causality 
running from CO2 emissions to economic 
growth. Thus, an increase in CO2 emissions 
affects economic growth in Nigeria. The nding 
is consistent with Tiwari (2011) who found 
unidirectional causality running from CO2 
emissions to economic growth in India. The 
results also show that there is bidirectional 
causality between CO2 emissions and non-
linear term of per capita real GDP. 
There is no causal relationship running from 
energy consumption to economic growth, 
which indicated that energy consumption 
cannot cause economic growth in Nigeria.  
This nding is contrary to Bastola and Sapkota 
(2015) who found unidirectional causality 
running from economic growth to energy 
consumption in Nepal. Also, contrary to Omir 
(2013) who found that there is unidirectional 
causal linkage from CO2 emissions to energy 
consumption in Middle East and North Africa 
(MENA). The TY test also reported that there is 
strong bidirectional causality between energy 
consumption and the non-linear term of per 
capita real GDP. Furthermore, there is a strong 
unidirectional causality running from CO2 
emissions, energy consumption, economic 
growth and non-linear term of per capita real 
GDP to population growth.
Therefore, an increase in CO2 emissions, 
energy consumption, and economic growth 
will increase the rate of population in Nigeria. 
The long run analysis fails to establish causal 
linkage from economic growth to CO2 
emissions, energy consumption to CO2 
emissions and economic growth to energy 
consumption but there may still be short-run 
temporary effects.
Conclusion and Policy prescriptions 
This paper incorporates energy consumption 
and population growth as interesting variables 
to study their causal relationship with per 
capita CO2 emissions and per capita real GDP, 
and to verify the EKC hypothesis for Nigeria 
using data over the period 1980-2012. The 
paper employed the Zivot-Andrews structural 
break unit root test, Gregory and Hansen 
cointegration test, the ARDL bounds testing 
approach to cointegration, and the Toda-
Yamamoto long run non granger causality test. 
Generally, the results suggest a robust long-
run relationship among the variables. An 
inverted U-shaped relationship between CO2 
emissions and income was found in the long 
7Toda and Yamamoto (1995) approach is a development over the traditional Granger-causality test. The procedure is a methodology of 
statistical inference, which make parameter estimate valid. In this study, we use a multivariate VAR (p +dmax) including CO2 emissions, energy 
consumption, population growth and economic growth, following Yamada (1998) and Esso (2010).
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run according to ARDL estimation model. 
Therefore our result support EKC hypothesis 
for Nigeria in the long run. However the study 
prescribes that as economy grows in the long 
run, Nigeria should increase environmental 
taxation in order to reduce the rate of fossil fuel 
(exhaustible or non-renewable energy) used 
by individuals leading to a reduction in per 
capita CO2 emissions and an inverted U-
shaped EKC. Also, the government of Nigeria 
should strengthen their environmental laws in 
order to control environmental problem that 
may occur from carbon dioxide emissions.
The results of TY non granger causality test 
show the absence of unidirectional causality 
running from economic growth to CO2 
emissions while strong unidirectional causal 
linkage is shown running from CO2 emissions 
to economic growth. This implies that for 
Nigeria to achieve sustainable development, 
there is need for emission policies to be 
enhanced and for more investment in pollution 
reduction strategies. Also, there is no evidence 
of unidirectional causality running from CO2 
emissions to energy consumption and energy 
consumption to economic growth. Thus, while 
protecting environmental health, the Nigerian 
government must continue to encourage the 
use of energy most especially renewable 
energy such as biogas, solar, wind etc. There is 
strong bidirectional causality between 
population growth and CO2 emissions, energy 
consumption and economic growth. This 
implies that future growth in population is 
expected to increase energy use, per capita 
CO2 emissions and economic growth. To 
achieve sustainable development, Nigeria 
should try as much as possible to stabilize the 
population growth rate by controlling birth rate 
through the different advisory agencies in the 
country. 
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